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1 

[H*B1] t h^Px-Y >5?XJV7W H-fV^7- 
1f%§iJ?l©, t UMIIT/I^S >7V7nE3?!l£:3- H 

[«*«2] E^J#*t 21:^3*1.5- 2 4#B~+ 4 
9 l#B©7SyKE*a£:3-K-rsjggE3W>e>j£ 
5, t h^Df'f >S?XJP7-r M7*7— tf^Sffl 
©, fc Fifai»7)t'7'5>7U7olBfl;&:i-F-r*DN 

a^j**a*gae?-. 

[§I#E 3 ] WE*£EJWE8]#^ 2 £3*3*15 1 
#S~1 5 4 5«l©EH*»Sri6*c:££»a£-r*» 

#S2E*©»tfi£?. 

M**6] Mm4EttCDKS^^^-T«£C« 

Ittf&tlMHI 5 Xtt 6 E«©»RCft»[*3T»SS 
** £ 4:**«fcT»«!M.k h^N >-?yUW7-f 

mils] »*3Bi~3©t»rn*»-scE*©Jt 

te**E*«***-T*IHE*LT*IHa*#fc 
8. 

?~*s#t&s*. 

frE»**.kr*7'tf?"r >i?7.)V74 

HOT*. ni£tt«fr*E#B7E«©:m 
m*4i9] »»5nfcWEffi«SAthp r Dxi'>^ 

7 * - tC <fc ^ T»«0lRi- * £ £ «rif#a tr * MM 8 
E«©^S. 

i o ] m*« 7~9 ©v>rn*-«cE*© 

*}£lC«koT^6n*, E?"JS-^3JC^Sn*lSg~ 
4 9 lSB©75yKE5iJA^dc*fflftAfch'7 , D7-'f 

1 1 ] *5ESUffiftf!*JE 1 ~ 3 ©tvftt* 

-a»cE«©»isafi?-t4a*i«i:'r*#'j^7 r ? 

M*ai2] »»E«**«»«ElftB*T**«l* 
*1 lE«©^S<fc»^ 

(IMHIl 3] ^*»&?*tt Fjflfit7;P75 >S3 
- PffcjMrPCWIMW 1 1 E«©JBSE&#. 
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2 

[HtsjfcB 1 4 ] 1 1 ~ 1 3 ©V»1*tlJl»-5ICE 

«©S*SH£ft#rtT, t FT'nx'f >v»7.;V7^ H-fV 
/ 5 — «tfi? 1 B W tT *# U ^T"? F £ a - 

Kcm^y*??^ tea-*-* 

[ft*E 15] #«J F**t hJfilfiS7J^S >T 
<&*St5ftE 14 £«©#}£. 

DEnomnkHH] 

? [000 1) 

»7w FiB^oxftK^sttJt^Jittcio^y^ 

* F©i«^«|ji»fi6&ffijfr*»Sl7 , D5 i 'f >3>X*7 

y F-fv^9— tf«3-F"r*aer©3afcPW*: 

£&c*89Itt. ttB&?&*Jll*y'V73 1 P&n-F 

[0002] 

[«£3fE©S«] In vitro - g©gttgag©PM8ft(Ref 
olding) 0. #y<7*^F©7*- f\&4 

Attfls&^ny >^7^F©SftfcEJS*t»*;ii:!9**l 
e»tx (Freedman. CeH 57, 1069-1072, 1989;Fi8her & 
Schmld, Biochemistry 29. 2205-2212,1990) , 7*— 

■f Vj*9— If (PP I) ifi, ttttCliTciT^f >i>x;v 
7* F-fyj*9~fcf (PDI) fc^;i-UF*-»ft»a* 
^ViW^nTVi*. Id vitro ©g|»Ttt. nne>©fl 

» n. ate^i^wicft«3nfc5F»ttiia!H©in vitr 

p_T©Wfflj£^©fiJffl*t#?lSnTlr>5 (Schein, Bio 
/ Technology _7, 1141-1148. 1989 : »S5fiH, BsftS 
^{b#£6S 64, 1035-1038. 1990) . 

[0 0 0 3] PDIH, UgfttT. HtfUB©BfR^eit 
«W$SIC#«$n. •?-©tt«EtLT©ttH^»«»CSI 

tsnr^*. pdiii, )WJxfr74 Fie^ 
©s«s>ei:s«j«u. sess@©^x;i'7^ f»^© 

• Sttft • <&*WiS7c£fT5 C tdt-clf * (Free 
dman, Cell 57.1069-1072, 1989) . PDIttln vitr 
W o Ttt RNaseftf©^-F^'f>^&**5eH^. Jh 
»7JU7*5 >ftt*©*SF^'f >*>6fc*§eSlfc£© 
» : ?rtT©^X)P7-f F*S^©»^3XftE^:S(Ejit 
fcO. Xtt^fi^o7'J>4'7n3 7-y>*: ( !:©J:5 
7S*7rL- F«iiSr^t3SeH©4H L WT©-7X;V7 
W Fj6^©JBriE*t*©Sf6£[EJfr*ri:*tWSnT^ 

* (Freedman. Nature 329 , 196, 1987). 

[0004] «as**©PDitt. mtfti-mmsTi 

7 5 * 3}? U F ©Jh^E^'f V- i: UT#«E 
U gto*T8fiI©SV>PIt (Pi 4.2~4.3 ) 
» "DTI"**. 
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3 

[0 0 0 5] h05fffK**©PD I fcOUT, •£© 

ae^wwsn. ^©ae^w&SE^ufcDPDi© 

75/KE*W«lJ£3*i> PD I*t2aig©ffiBtt^fi: 

©7$/KE?j£«i^*a t **£i*<J^ai3*u say 

©gttfiSffi75/KBE^S^Ot#^e.nT^S (Edma 
d et al.. Natnre317 . 267-270. 1985). =f-%V**c 
in vivo-C^>^3.U ><QyX;W7^ FIS-&& 
315c UfcO. Wiase 03>X*7.r FJ6£©XftEJ&£«E 

>^iag-cPD i t^«©»€rs-r5ct*^i»$nT 

CPigict & Schaster, Proc . Natl . Acad . Sci . 
USA 83, 7643-7647. 1986). 

[0006] pd i ©£ttrtT©#£a«> w&omm 

*fflJfi©#fcg»©SVM;: < i::3TSfc<&#, Z<OZ.t 
ts ##-r**-5*&5£©3aE©#££©ffflCfcWtt# 

ftint. -e-UT. seB©»»©Bi*aja-r«ct*« 
«sn5»»ses©^^7-f pttaoaAicNiFU 

tfV». PD ISftVJjtUfc/Mfift^HjKlJTB 

jataetA/irfiSfc^*** pd i sinA-st, 5?x;W7 

4 Fte£©»j£ffi* t ®&t'*£^5ll6Sfc<fcoT3a$3 
*ITV*S (Bulleid 4 Freedman. Nature. 335 649-65 
1. 1988) . 

[0007] PDifcov>T». -jxfryj FtSGam 

yn a 5-y>©^D 'J £*«flrf *7*n U )V- 
4 -A-f Hn*5/9— VOtm^-v r-T**0-*7*:i 

-&«ses©N-^U3->;i/fl:©agT. & 

m^matn^^f-VO^ifi-JVSim Asn-X-Ser/Thr 
SS»-r •& ^ 'J 3 ->;Kb6SSilS'&Seg (P i h 1 a j an i emi 
et al., EMB0 J. _6. 643-649 1987 ; Geetha-Habib e 
t al., CeM 54, 1053-1060 1988) , ? 
1KK3jgl^>|££gea(triiodo-l-thyronine binding 
protein) (Cheng et al. J. Biol . Chen. 262 . 11221- 
11227, 1987)74t*i:©[^Ht*^$n. PDIiH^ClS 
aa©£ffiE£lC:m7S#««g«a^l®StlTt->5. C 
tie.©^lCtnA, PD I fl^ttellfcS^fflTi&S 

ustrrns. *nt>o)mtvx\tPD i ©sttffl&t 
# a e> nr v> s 7 s / «tmn t « m&ifi$> a 

Snfc7*U r-aKXFollitropin) ■¥>;H-nt!> au 
tropin) ^©fflKJUSW^HE^ttoniface & Reiche 
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4 

rt et al., Science 247 . 61-64. 1990). #7. 7 7 
yy)W>'5'h-)U4.5-KX*^7x-f h£l, 2->'75' 

«j -t u-)Vh-i ; =y Y—)H, 4, 5- t>u^7x-h 
zft-om *swft&-t s * x * u a— tf c & z fesi & n 

(Bennettet al., Nature 334 . 268-270, 1988 ) » 
PD I ❖PD I Sir^©lffllSl>9ftTffl#:b»T£l6fc£ 
#S*^©HO*^Ae.nTV^. 

[0 0 0 8] K±©«fc5fclA«&»#^*l«3nT^5 

jo at, pDi©±34S!i*ii^rtR^^ra©^;i/7-f 
Htg^ossftsMistu. ^©s^a^fifofcae 
ft texm-sm sfeus-es^tt^AenTv^. 
ufetuzux. et^fl^aaiw&awp d i mm 

aoTa«/S5?x;v7^ F*t-a£:rr*gaH©j&«© 
^*tet,>c:t!Oft^gsn*. a*©att*fts*©a 
aa c&K#»asae) a*. ^JBBfct^iSfttfH 1 * 
a? -&<*:&f^riE-r ssHwi-patj:©^^^ F-rv*? 

-HfStt©fi$lr*«.i*A*^i'b'BrtBT»5. *B 
BTtt, FS5c»atUT^*VF*->-» 
*-&tr*^ 5 1 *V'F=¥-»tt5?XJV7-< FS7C»atL 
TUPDUt)fe^T!B5*«, -f V*7~t£iLT© 

<&n. ^rt5?xjV7-c Hna». # 
x;i/7^ m-&m&i)m»c.titi : tis.isftzw> mmz 

vv F ©8* ©»«©«;**«& PD I mRNA£S©Jfc 

50 «i aFB>RB. »b>b>»*.» »b>^b>bs© 

ffl frt>ZC>Z.ttm<7iy>£ZftX^Z> (Edman 6, N 
ature _314. 267-270, 1985) . 

[0009] a5£$nft.«ss©i8«atsea-&« 
©«tUT#Aenfc«^icii» mwft7*-)i?4> 

>f<Oizib\z&&f£nzi?X)V74 Fi!S^©^«ttlfiS 
h^>FatS:VJj:57S:SS^«b©ffl8artT4i;5. C© 

«?£fflv»T, ^ffljssas (-s-©^<«ir»tt©aea 
-?&•&) £S43tJ:7it5tir. *©aaaicau 

fc*fi=TvXJU7^ FJS-&©^*teClft*>-a-5!2^ 
^©fcftlCti. «*8BKrt©S« GS«ft3>A 

©S«E (3>A-h^>h) ic^fa1t©S5^vX;i/7>f 
FJfJfiE FUttfll) B**t*ac?¥fibfe^ 

[ooio] ^ne.=^>©Atia^ADNASflf€ffl^ 

50 T. -^X^^^r F££Sr^-r*gea£2)*i«k<lg£;* 
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[0 0 11] Ufrbft^S. V>££Tin vivoCO^T^ 
[00 1 2J 

[5SM^«lftU±5 fc-TSPJIHjSa ]n vitro TOgte 
&. &8lfflfiT<0te«**©PD I <D9HIBViftX»K« 
[0 0 13] *SBWIt fchPD ISSSifflcOfc: hifil»7 

[0014] *36w«> #&msmtt&m 

t hPD I Rtf«^*»feT&*»^^c:tJC<i:^ 
[00 15] 

[0 0 16] «Tlw*«^OI¥^«rIft^'r^. 

[0017] th:/DT-f >>>x;P7^ mv*9— tf 

(protein disulphide isomerasc ; TPDlj £»S$fc"f 
£) cDNAi£3-Hn^n->lt t MFBAgtll 
cDNA9-f^U-»tft M&fiAgtll cDNA^-f 
(Clontechlt) a>£#<B<k5lCUT#8£n 

So 

[0 0 18] fchffFKRtffc hKBAgtll cDNA^-f 

-5;DNA*7*;v*-fcHjrrs. th:/ny 

> 4-*Kfc»£ (PD I fcR-*WX*» cDNA 
[Pihlajaniemi,T. 6 (1987) EMBO J. _6, 643]0 243 
• B*6 282SBO«SE^JOfflS«lC»J5-r^40 mer 

<D7 7-vDNA£EcoRI «MbU ?§£nfc*?J150 bp<D 
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-f>-*-KDNA£PDI cDNAX^'J-->^ffl^n-^ 
fc±B7r-^DNA*X^U-=i>yi/T, »&*n 

[0 0 19] E0±3fcLTf§&n&«ft©Rtt*n- 
>£EcoRI IfifcUTEcoRI 4 h D N A KM* ftft 

ftU Pihlajaaiemi ^tCck^HK»l!l*Hi:lteb^JS 
ffB**0*n-><pm>Il6> O- 
10 >(pHPDIp4) tTthPDI cDNAO^S&*A-L 

[0 0 2 0] W^D->ODNAit»EJB*«kjeUfc* 

tt£*W>&JjM&khPDI cDNA*3-KLTlr>*Z:fc*«« 
WLfc. *OtUa^*6££3nfc7£/BB 

>/1£HI* Asp 1 *>& Leu<» 1 <0 49UBCD7S /Kfrfc 
«*anTVJ*t**.6ti» Asp 1 IC5fefT"T^17HcD7 
S y Kfr 6 A * t !^ H US' H **b UT 

[0021] p d i *xa • 

* d n a tsa^fc fpd i m&j-t & tt«xi»te7 

[0 0 2 2] «Att»lHCfc*i-J: 
flU khPDI$aM3WVM>h (/hftfci 

[0 0 2 3] Affrttfctt, ME*a-> pHPDI16Rtf P 
HPDIP4 DNA£* **EcoRI/PstL Pstl/BaiifirttBfcU 
*?H90bp Rtf»1.3kbp©DNA»ffrS#, P^Srfr&EcoR 
1/BamHI Mfls^^S H^*-pUC119fca»b (phPD 
IEB)> Kunkelffi [Kunkei.T.A. (1985)Proc. Natl. Acad. S 
ci. USA 82, 488 ] ICckO cDNA±(DPD I l/if^)V 
EHfcPD I*#t<0**S»lC«l8B*NaeI«»ra!tt 
40 ^»Ab(phPDINae), Nael/Hind III fiftfciDPDI 
'>^;VEW^*av>»1.7kb CDPDI DNA »r>t&# 

[0024] 

pUC119$rEcoRI iltlKlXhoI U >*- : 

5 ' -AATTCTCGAG 
GAGCTCTTAA- 5 ' 

£g«6U XhoI/BamHlffiflsU Jltltefc hJHHT^S 
> (filT THSAj tffS^-f^) ^V^DE^I&a«b 
(pUC 119 Sig) > Stul/Hind III ifrfcL3.2kb ODNA 
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WZ^ZtlZ) . 

[0 0 2 5] phPDINaei63fc©1.7kb DNA BffrtpUC 119 
Sig t&3fc©3.2kb DNA 0rK-£iI*£U(phPDILyl). EcoRI 
m<£> KlenoTtSmcfc^Stfl:, BamHI i8fc£Jii&fTo 

(£2 0) . U-:?-E*J&^©iIISa£rf£#*C: 
£tf«T£<5. 

[0 0 2 6] *S?B05»<S*e^<D^§l^SSy!-e-<D« 

^iae^raoEStt. ±&<D-%m\zmjs.-£ftz>wz\z 
&<. pd i *^s-e-#-5ig*s^r*'fe©tt^TS 

th^©te©i&ft **©**£»£?•*>& 

[0 0 2 7] EJSJ#^2lC*Sn*-2 
4S1-+4 9 l#B©7SVKE?!J£3-F-f-5iSg 

igsE^tnHW»c^«©^ffls^-raeT, fliAtfa 

fgwtcs^ans. *^©*JKi«fc < fcD. 
*&mt&mmn2 Kjssns^igsE^&fcsKSi 

[0 0 2 8] *»WSi(gJtg^S^ 

[0029] *5swaigaeT*fi*2 1 tr&«>©^^#' 

1g£f>3T?ESntfiBT»Dm-3lgKi&£#Tat>© 
-KMKK* ^±8883 tii^U#sa^ est* 
SnfeWU^RtflHWEfll^tf^ 

nfcfflga«pt?©s^ss«*^iietc-rs-7-*-E5>it 
[0 0 3 0] *aw©^a^^-s:fflSi"r-5&*©^ 

WAtf*fflSAlC±5#K¥ 2-1173 
84^«Cre^©y^^ 5 F pJDB-ADH-HSA-A ($& 1 0 
-C#R0 d©^X= FfiHSA cDNAS 

£fc#$7JtO-;Vxfc Hny^— if I (ADH 
I) 7>fvU 
>Wttat5^(Aitp' ) < Rtfleu2»fc?-«:-&A,T^S. 
-5-©fc», C©^7X3 F£, IhoIiftfcU KlenowBrtf" 
fciD^iftU BamHI tSflsLTHSA cDNA£Rf*£-rS. # 
e,*l&lK)8kb DNA »rH-©5' «&KU>IMtUfc&. til 

jS©*^afefief-sr»^-r*::tit±D. 

XS F(pAHhPDILyl) fcSSA,. * 

^-e^rsgijwas©^ *-£ffiffl-rs z. t t»T# 5. 

[0 0 3 1] *f&m**>\Z. X&Wnmi'*-!?*--? 

[0 0 3 2] ISitUTtt, *J1K, tt?Mfet*©S® 

fOMMPD I *^HBU»*S**«F*Ut>. 
liB&TfcS. fgiBSiLTte, Saccharomyces ce 
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revisiae ^We.n. *RW©JgHte^#©^KJcafe 
&oTfcM$tC»#AH22fcatffgfcffiJl$ft2>. 

©»BnT*-5»t. »s6^©saaeiia (*d*.tf. sm& 
mm *>®3HiisTmL%zzt.\z&m-v$>*>o. m 

(XttX7xn7*7XF) -#uxyu>anj3-/w 

& m^aa&fttio^aic^jssn^*. aw© 

J^Heftmi. 55§l'Si'*-a<pAH]iPDtLyl©S£. ft 6 
J0 nfcS#SSD(-Leo)^U-h±7?«S-r-5CiJC < j;o 

[0 0 3 3] ffioT, *P693tt£fc, ±5E©*5»CUT 

^»tfc^H«««crtT*5sw©iiiieae^&58Ss-«i- 
zz\t\z£zm&xt hPD i ©Raa^assft-r*. 

[0 0 3 4] SP*>, *5g|8aig»e^*1i*I»iT58SS 
HIE»#S«*L.Tffl«Ab hPD I &»»$-a-*a»g 

t. Miaffl^PDisieiiR-rssHt, 

[0 0 3 5] 1t^tUT»S5£ffl^S«-&C«, fcFP 
&n«tt£ICli. 7o-fe*>if*»*Tt*2M»fc FPD 

[0 0 3 6] dab &tt*ttJt&*jMi 

-lc»»t*c:tl-±0ifflft^khPD I 

ftsat*tt* 5 A«ii#s© >b©tcK«sn«> >b©Ttt& 

V>**. {fJ;UiTSX-gel Phenyl-5PW»*tt* 5 A t«V- 

«) *<ffifflsn#. c©«-&a«At hPD i «Kc i 
$m*v&&mm (ph 8.0 «fo.85M^6 ombsktv 
^=>>A^©a«Wfiffi^Eic«fcosffl*n#5 (^4 

0) . SDSfUftftM (S5H) *^iffl|ft^thP 
40 Dill »55kDa ©^ffiS^t, *fc^^7>^H 

•j ^ W7— t?A©s*^©s«*ige t i/TSs-r 
s^ticto, «enfc»«^.bKPDittPDi«tt 

[0 0 3 7] *»9!^ttCioTS±atl5ffla*th 
PDIlt ^«SS!©kKPDI tittULTN^TS/ 
Asp^&Gly IceSc^^nfc-bCTSofc. fSEoT, 

*&m\z 49i«©7 5 j mfrb&zfimmii 3 ic^n 

Gly 1 Leu" 1 ©75 /ttE5W>S«lJ*Sn 

5m»A.t hPD I Sfegft-TS. 
50 [0 0 3 8] i^fSSipJfgZjU thPD 
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[0 0 3 9] ^jse&#*©t&a»sa^£®i*3fc»£ 
[oo4o] ^5tE3te^tJ;t>T3-Fan5#u^ 

iff*) *tj|[»6«uc5E»Sn5*:«)lC, -e©*jg«pfcv 

x;v7-< Fte£s^tr , b©"e**itf«)<sjfc*s8i©#i> 
atifc p d i *sf!i©8i*tffflG?feii. * u ^r/?- f © a> 

*&K**«fc?£i/rtHtaffl7*:/s> (hs a) 
S3- f-t stitt-r*. 

[0 0 4 1] ^MS*f. rtfy^y^Fj fcsffl® 
[0 0 4 2] *fcS£tt.T«, ttS®fc£© 

[0 0 4 3] *56WB3SIC, ±f2^fe»fl:rtT. fc 
FPD I jtfi^t^JKU^^H&n-H-rsil-JfeJI 

k# 'J h suntr* C i*> <&JBfc*# u F© 

[0 0 4 4] *55W©5lifi88«lCiD. fcr-PDIS55t 
77*3F&fflV>THSA£g»$S:Jimfcftb-at6 <W 

nfc»si*jTHSA&c;pD i *ttje©««+-c*^a 

A©#fcSliWTtt6 0!*JfigLfc (31813) . 

[0045] g&fcftJliSfts^'&oefc^at. 

[0 0 4 6] HSAB, 1 7ffl©^X;V7^ FilS£-£i$ 
ogeSTfeO. in vitroT©SttSSfl^& 
<oiI^Ri:£V)Tibfli«<)floPD i ©#«Eit«fc 



&RI¥6r-3 87 7 1 

S. 

[0 0 4 7] »«HIS2 3»lCioT, HSAfcpJig 

awnuflsn-cn*. sDssaacBiffijcio, mm 

-A*> F t UTIE#fcH S Atf? t ^-©^ftS^f© 
IC»U 3i5cS!l*#aT-Ctt, JcOiH^fi©*^^* 
JftfcA^FfefcUT&ttiSft, WSJ&MCiEfcfcHSAi: 

6HSA»?-tt. frmvxjvy* vm$ifitt£\z& 
«atiTv^fc«)*u<E>i«^sn*. pdi* 
-a-fcaBfi-ci*, «uBt*3©H s A©a7u»jif#«E 

TT© S D S mm*«|-C«. H S A^tt^*© P D I 
C DNAS*«S$*TV^^»SS*>&#fcifflBartH 
S Aitt4 tifcftbTJ: 0 £ t i;ofcA> F i UT*ftHJ3 
tt£ £ <fc A* PDIUHS AiH L rt©jE«&5?XJl'7 
4 F16^©^fi££<EiIL, «tDSS^«ICHSA^©S 

oT. ^JgfcfcjSfcft^HSAWMtertT© 

[0 0 4 8] PD I *&XmZit1ti&£t1<1tt3. 

V»«^T©H I S 2 3«tffflBSrt©HS A©mRNA#ft 
fi^Northern^Dy FffifciOJteE-TSt, PDI«£ 
^S»^3-a-fc«-&tCH S A©mRN AfiAtiiJnLT^ 
•5. Crocttt, PD IAtJ&g&HSAtfTlCfPELT^ 
*T5I!8£*: ttTft <- HS Afi^F©<E^V^;HC 

#^©K»ff jgg*:fr-r*ffl8&l*Jl§li£l::«< t FiLfST 
;V^5 >©'J-^-E?'J©«l , &tC±^Tt FPD I 

fi»r»«e*> 6»»$nfcc 1 1 h s A©»»a*^in 

C*^THSA£*^Fb» itSSHSAK^fflU&Clt^ 
H S A©£±W'*»£±#S-ti-fc£gBT<&* t#Afc 

e5*^omi«-e*s«t'5fc*>t-s. set, his2 

3ttit)^nftHSAi:PD I ©lS*5t. PD 

ittHSAoas^nT^o, S6<c«auaw»c<fttti 

SnSthPDI Wl'bl&KCt.fr^ XttHS A© 

is vitro rnnmmz&\,>TffimMk&7R-rv>\zi&£ 
£$n«>PD i a*t+»icE»*S/hte#«-cfca[«s 

nTV>*'b©£lt3£Sn«). COCifcSfc, PDIJ&* 
HS A iCotSS^ffl UTVi* C t S3d# UTt>5 J; 5 IC* 

[0 0 4 9] Jl©«t^tC. HSA©«TPDI©*5E^ 
lCi-pT-e©»»S©JillI^**^6)n. ^©ass^p 
D I *tli»HS A©?S*«|jg««lC®^T^SBltEtt^ 

S*ffljS©^^^3£flSCSF^bT^S»»SeS 
±«lCOV>Tt>^-ffl)SrtTPD I $BfitCiiS«IKS 

•e* c o ^«©^iK«©iiiJD«im*<a)«r-c#a£ 
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[0 0 5 0] £4T<0*JSWICcfcD> 2£IC#?S9I£ift9! 
[0 0 5 1] 

thPDI (protein disulphide isomerasekPNAO^D 

fchfffKAgtllcDNA^^U- (Clontecnlt) »100, 
000 irn->Sr 0.2XOV*h-Xft^tJLB** tt* 10 
/t* hMJ7h>. IX NaClfc£tf 0.5SK-XhX* 
Xh7^H T37 , C-^«U^MSY1090ttig«a 
500 jzl tS^U £tl[C IN MgClt 5 Ml £flD;*.37 , C 

iirfc. £n£5OmlC0LB±JI*^i&Jfc (LBSi, 10m 
M MgCU43<ktf 0.7%7#D-X) Eftl*ffl£«, 23cm 
X23cm^V-h*C5LB^S»±fC^V^o ±@*^ 

fc. ftZtlftyy— V*y<<)V9— (Hybond-N. Amersh 
amft) £f*U yJl^UW* (0.5N NaOH *3<fctf0. 15M 20 
NaCl) lCgLfc:3MM ffiJffi (Whatman #) JitC, 7r-v 

o^»B*±icr$]^Ti^rafi€r> 8V>T*fng?S [1M 

Tris-HCl (pH7. 5) *5«fctfl.5M NaCl ] KgbfcE»IS± 

tei»W«^fc. S6l:7>r;w-s 2xssc (20 

XSSC =3M NaCl *3<fctf 0.3M^X>KH^ h U Vk) 

-yDNAi&7^M-l:@tl/^ CabT^^nfc 
7>f ;i/^-^ffl^TBlTO^)gJc^oTh hPDI cDNACO 

[0 0 5 2] yD-^CIt th^DU>4-*ift» 30 
$ (PD I cDNA [Piblaj aoiemi, T. 

et al. (1987) EMBO I. , JB, 643 ] & 243#gfr£ 2 
82Seo^SE^J^ffi««[C^*rS40mer <D:*Drf7 
-DNA (5' -TGGCGTCCACCTTGGCCAACCTGATCTCGGAACCT 
TCTGC-3' ) SftDNA£j&*8 (Applied Biosyste 
mstt^xJWSOB) C£0^J*L£fc©£fflV>fc. 

[0 0 5 3] -afifcDN A (20pmoles) £ 50mM Tris-HCl 

(pE7. 5) ; lOmM MgCli . 5i»f*XWh-*, 10 
0 aCi [r- ,8 P] ATP 3000Ci/mmol, Amersham 
*t) ^J:i;i2¥tt<OT4#U^^V^H*^— tf (S 4ft? 
iifctt) £^tr?Si£50Ml *T37t;6Q0nnfij6S'&*J: 

h*«(100X5 ? >'VH' hi§f£= 2 K^S/iM^l^S 

>, 2X7>r3-;p 400*5<fctX2«*ubfzi;i/brDU H 

» , 1M NaCl 50mM Tris-HCl (pH 7.5), lOril EDTA 
(PH8.0) , 0.1%HxxJVif;Unv>S^hU^A^ck 

Mojxg/Bioa^ftfflai^&^si^DNA] ^37 



gSDNA£^tfi§a» «t»K3rci5B»iBKUfc. 

2XSSC MSJHl>TS«Ttt»U $e>lc2 
XSSC, 0.1 56Hx'>;HfJ^v>S^hU^A®a[ 
T42 < C30»Hffi^Ufcax«7^JWA(XAR-5, Kodak 
ft) IC-80 , CT-^B3t$ : li'fc* 7*JW><D§i«itD»S 

l^X^y-->^T8r?C0lStti/^;V$:#fc o 
d ft S co jf^-;nc»ifirr *<4® 7 y - e; £±e 

[lOOmM NaCl, lOmM MgCI* , 50mM Tris-HCl (pH7. 5) 

*s<fctfo.oi%if^>] tsu 4tr?-nfe#BT*JL 

<fc 3 IC LT# 8 SO 1 *X# U y 

#t 2 &x* y-=>yftfxofct8* i ^o^istt^ 

D->i:UT«tjfco £<D*a->lCOV>T3e>lC3& 

[0 0 5 4] i^n^itt^D-X^^T-; ^DNA £Le 
der [Leder.P., Tiemeir.D. a Enquist L. (1 

977) Science J96, 175] \Z& ftZtllt 
77-i^DNAO l/5fi£j§ifc [lOOmM Tris-HCl (pH7. 
5) , lOOmM NaCU 6mM MgCli , 6mM *)]/*7hZ.* 
J—M O.l^if^^X 20xig/mlU^^W7-i? 
A*<fctf20^ffi<Z) EcoRI d*y#>^->tt) ] 50^1 

-hDNA^tr^tW^fc. ^7X/W^ (Ge 

ne Clean**, Bio-101 *t) *fflViT^f hDN A$r 

^R'flltlL 0iRtfcDNA»fM-#?j2Oiigt EcoRIT 
?Bft:b^pUC19 ^^^-m00 ngt&DNA7-fy—> 
3>=^r/h (^«ig») A?£20m1 , Bm4u\ (DUG 

T16'C15liSPiOEJ£;*it:S d t lC<t 0 i^D N A 
$t^^7XaH^fc. ClcoE^ffilOwl 
V^TMandel* [Handel.M. & Higa, A. (1970) J.Hol.Bio 
1. 53. 154 ] »ZJ:O^KSTGl*S:^eabfc. 

Bigifi 100ml T37T:-*»«U, 7**UOTKfe tBirn 
boim.H.C.& Doly J. (1979) Nucleic Acids Res._7, 15 
13] JCitjy^XS FDNA£fi!KLfc. £<D?yX$ 
HDNA10Mg^»i«[100iDM Tris-HCl (pH7. 5), lOOmM 
NaCU 6mM MgCU, 6mM ^^*^hx^/— Jk 0.1% 
1f5^>*5cfci; lOOm&O EcoRI (XyaS>$;-> 
ft) ] 200 Ml *T37tlWMHMfc*, 7x7-JVtt 

^Sa*»fTt>fco «J150bp (D-f>-9— HDNA^7 
X/^^--Cl5liRL> KTtCffi-fPDI cDNAOX^y-X 

[0 0 5 5] t hPDI cDNA<D£6£^tr£m->£#£ 
fc^JC, a:2e>Tt:hlfKAgtllcDNA^< ^7>J- (CIod 
tech^h) &50,000£n->£<fctffc hS&SAgtllcDNA^ 
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-~>>f*ftvito ±B<o^mtwim\zM9479v- 

IBlSObp fchPDI cDNAWfrfcllOO ng£ [o-»»P] dCTP 
(>400Ci/mmol, Amersham #) &<kZf~y>7 h7>Xl/ 

^jgifctCttlO* cpm/mlO±IBgilDNA^$^SS) * 10 

jceoicis^pflgu^o 2:07* Ji'*-* 2xssc 

ffl^T^i&TifefrU 3££ 0.5XSSC * O.lfcF^v 

;vif )vu h u * A&a*T65t; i i^raft^b^ 

X»7^;^A (XAR-5. Kodak*) K-80t;T-l!fc»#3 
7>f;VAO^«OlS*. ffFK cDNA7>f?7U 
-<k0 6<I, fl&fi cDNA^-f^U-cfcD5fi<DSItt 

9>J-«fc0 4«, AMI cDNA9<^9U-*0 3a© 

^7X^ F^y— PUC19 OECORI VftiC^^D— > 

»H*ff*Ufc. IFB cDNA<D4o^ct;U: 

Ktt cDNA(D2^5V^t-;t-7y^LT*D, 
flO, ^0p-&©fffB**O^D->lr>(pHPDI16) ^ 
te«fi*CO^D->l^(pHPDIp4) ©20TSWtn 
bhPDI cDNA(D£:B£;frA— LTV^^t^ dn^O 
^n->tPihUjanieiDie><D^n->o*J[8B^00 
ifctfc^S^Sftfcc H*D->lCrH*T M13 SEQUENC 50 
ING KIT Ofcft&JKtfc) * N13 Sequencing Kit <£M& 
m fc<fctfat!jDNA^-*X>1*- (370A. Applied 
BiosystemstD \z£ DDNAi6g£33J£ife£l,fc, Pibl 
aj an iemi ^(Dt-* £Ott&\Z& 0 pg^ n— >te££24 
54ffia#ri>6j£5fchPDI cDNA^n- H"T^rt^^ 
frtfloft (E^JS^l) o 

[0 0 5 6] b hPD I <D»m&$l797>$ POMS 
±E0DthPDI cDNASn — Ft" S2r>tf)?D->pHPDIl 
6 S$«fctfpHPDIp4 *t>tiCbTt hPD I ©HSfcfcW 
%5Z&m797s* F«KT«>WClM(U& (810 40 
A, B45±tfC) . 

[0 0 5 7] 7;i/*U«ffij**CcfcDPSUfepHPDI16 DN 
A fa 1 u. g £J§« [lOmM Tris-HCl (pH7. 5), lOOinM NaC 
1, 6mH MgCh , 6mM *)W7bX* S-JI,* 0.1%if 
97>, \m&<D EcoRI (Xy#>v->tD *3<fctfl0 
¥&<&PstI (Rtt) ] 1 *T37t; 1 ttHHM&ft. 0. 
8*7#D-xy;l/Tm^*Sl£frK PDI cDNA0)5*8flg 
EcoRI^ e>Ps t Ig?#0>#549Obp Og$<Z)DNA^^ 
^X/^^-JC^O^* • SfKL^io pHPDIp4 DNA 
Mg£i8i« [lOnM Tris-HCl (pH7. 5), lOOmMNaCl. 6 50 



x io*fi<DPsti (=?#>y— >*> ^^momttco 

BamHI (Rtt) ] 20 /il *T37«C 1 ^ffl«fk^«ICb 
TPDI cDNAO 3' «HMPstI*>& BamHI SS#<Bfal. 3kb <7> 
g£<3DNAIftfi-£#»-*SliLfco C(0<k3lrLTlEl 
!RLfc^DNA»rM--en^nJKl50ngi5j:i; EcoRli5<fctf 
BamHI "CtlMfcU i»tt«cLfc^X^ H^^-pUCU9 

DNA*52Ong&^Sig|h0DN A^-f y—>a hA 
jS25^1 *5cktfB&5/il *Tl6t;i5i$[BE£;*1*S£ 

* Aftiri: D*H®MVli90«cn >tf x> HzJH£JBH 
«fc&Lfc. ifig9Omm<0XH}al (50/x 

g/ml 5-^D^:-4 -^DD~3 — f > F U;V- 3 - 
D-if^^Mf^y^F, 80/ig/ml>fvyntrjl/-/3 
-D-f*fl7^h^yyh\ 25Mg/ml7>t;^U 
X LBWW 1.5X*3© IC^V^o 3rC7?-% 

T^7X$ HDNA^iSU MJE9*^fflV^i»*f$ 

Ltt. %e>tl1ZZf9X$ FS phPDIEBt*#Wfe. 
[0 0 5 8] phPDIEBfcfctfcLT. Kunkelj* [Kunkel, 
T.A. (1985) Proc.NatLAcad.Sci.USA.82, 488 ] \Z& 
0, cDNAJb<DPD I ->y±;kffi^ItPD I <D*#t 

(Dm^»\zmmmm^eiwm^&:^mxhft 0 pbPDiB 

B DNA ^^T^;V->^ASlCi:0^«BW313 

150Mg/miO7>bf>'U>^^2XYT 
%i& (1. 6«A^ h h U Zf h 0. 5% NaCl ^ <ttX 1« 
h-f-X hX+Xh7^ h) T3rC-lftMi&*$fT 
ofc, ^cDSSHRlmlSr 150m g/ml<&7>b!^U >£ 
*tr 2 X YTSffi50ml tC^SbS?^^ ^lC«*bfco 
SS (OD^oo ) 0.3gS^Lfet^l6T M13K07 7 
7-S>*0LO.i.:=2 e«Tin3A37*C30»M»«b®S!!$ 

-frfc. c:njc70Mg/mioss(c^«k5fc*^T>f>/ 

>^JPA371C20^raMa^S:fTofe. 
«JC*HtSe>tl^±»JCl/5 ^CO 2.5M NaCl, 20%#U 

w>^/u 3-;i/#6ooog*&ja^ft*f Lft®mmx 

TEtmWc [lOnM Tris-HCl , IdM EDTA (pH8.0)] tC^ 

#a^»si^*HtT*i^iPiiRU^ 0 &znttmi\z 

3 M»K^ h 'J A^J:t; 2. 5^<OX^ 
^*0A8«^-80 , CT3O»W#® bS^WfCi: 0 DN 
AfcftKiiLTlEliKLfc. cn«:70%X^/-;i/^# 
LMJE^SS 100/il CDTE^«fffifC^»L^ £1±<D 
^&TPHLfcdU$^tn>hPDIEB fi*0-$«DNA 
€rfflV^TKT(D¥)BTgWt*r^>^SfiP^NaeiaSti[<09l 

ASrfT^fco msatxm^g»v^9u*9'^is' -c 

GGGGGCGCCGGCGCGC-3' , SSjgtt) ] lOpmol^Stt [10 
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OmM Tris-HCl(pH8.0) , lOmM MgCU , mVttTsV 
-fh-;U IdH ATP ^<ttAO^fiOT4#U^i^lx^" 
yFttHf (£i@*£*t) ] 10m 1 *T37ri5#|y]K£ 
ft7(TC10»B*«bt:T 4 # U * * l/*? K**- -KS 
&?S2tffco ±I2phPDIEB **0-*fgDNA 0.2pmol 
1 Ml <J>7~— U>ya«« (Site-directed mu 
t agenesis system Mutan T1 -X, £ilig|fc) t£i$£®*£jD 
*&»£SS10m1 £1^ ^<bO*><D\ Ml £±S2U> 
8fls£JI« Affl£/£:* ! J * * * FSJS 1 M 1 £S 
£U 65t:i5#, 37*C15##g&, 25m 1 <Z>#fi$«i£ 10 

(±eMotan"-X, i^tt) 60»ffiO^SDNAU^- 
ifOfotan 1 "-*. I^1±> 1 m{i(BT4 DNAtfU;* 

^-^(MntaD 1 *-^ H4fc) &iMx.2bX:21%m&J&2ikZ> 

0.2M BDTA(pH8.0) £Jni*-, 65rT5#Blin»**c:£ 
K£0ffl«®£j££l?lt2Ufco #&tlfcDNAigfc3 
Ml £30m1 <7)^®@BMH71-18mutS3>b!7 1 >b-tr;Vi: 
**30fl\ 42t:45f>3^JC**l»K»eU 
ft. Ztl\Z 300m1 <»SOC«tt <2X/t»hHJ:/h 
X 0.5%-f-Xr-X*Xh7#K lOmMNaCU 2.5 a? 
mM KCK lOmM MgS04 * lOmM MgCh43«ktf2(W#>:J 
-X) SJ0^37t:i^ffl^lbfco S&KIOmI OM13K 
0777~^£lra*37 , CT30#ra#m&* 150m g/mltf> 
7 > £ U >33 £tf70 m g /ml (0* V-f v > 2 
XYT**lml*llPA» 371C20BS|SMRaL&. #6tXfc 
«**S»-b5MHb, ±S20m1 *0ttU *»«MV 
1190««?S80m1 £ii£U 37t:iO»PflJn^ 150 m 
g /ml (07 > tfi' U > L B y h €T 37«CT 

NaelSSS»A7 f 7X^HS:«^"r* 5 bO&M13 SEQUENCI 30 
NG KIT (3fc#8rigitt±) Sr^V^DNA^SiB^J»«flC<i: 
DBjei/fc. CO^^^H$rphPDINaet*Wtfcp 
[0 0 5 9] 7;i'#U&S&TilKU£phPDINae DNA 2* 

1. 5' - TCGAGAATTCATGAAGTGGGTTACCTTCATCTCTTTGTTGTT-3 ' , 

2. 5' - PJMJ&MhkOM^ 

3. 5' - (TrenCTCnCTGCnACTCTAGAGGTGTTTltAGMGGC 

4. 5' - GATCCAGGCCITCTGAAAACACCTCTAGAGTAAGCAGAAGA&"3 ' 



16 



*Mg£?Si8 tlOmM Tris-HCl (pH8.0), 2QmM NaCl. 7mM 
MgCh , 7#{£CDNaeI (Xy#>v->tt) feilAO* 
ffiOHind III (£SiS*t) ] 30mI *T37t:4^M«fl: 

m8X7^D-xy;vm^aca&ff^*?ji.7kb cogs a 

DNABrM-^^^X/^^-ICiD^B-^SUfc. t 

mvmm K>lc£D:3-F^£DNA»rJt£*n-> 
ffcUfc:/^X5FplJC119Sig OSI^&KT^^ISTfTo 
ft (SglHA) . 

[0 0 6 0] ^7XS F^*-pUC119 DNA 
JKtlOOmM Tris • HC1 (pH7.5), lOmM MgCli ,50mM NaCl 
*3<fctfl2i|i&CD EcoRI (— >th) ] 20m 1 * 
T37t: lP»mfffl:Lfc«« 70lC5#ffliO!&LT»&£* 
JSSiirfc. *ltam*38Ml^^^A^^U77;^U 
14** 7 r (SSi§*t) £lin*T37 , C lBS 

5 ' -AATTCTCGAG 
GAGCTCTTAA- 5 ' 

cDE^^^^XhoiSSffi^tfXhoiU >*-3HEr;ut£ 

mm [66mM Tris • HCKpH 7.5) , 6. 6mM MgCU * lOmM 
mxV-f 1 — /k O.lmM ATP fccktf 300mttC[)T4 
DNA'J^ (£Jg£tt) ] 30m1 *T16<C-I!fe#i& 
Lfc. £(Oigfl£lOMl ^ffi^T^JHSJM107 *H>b! 

^>hir;u«*;i/->^ASJr«v^SteftU 50Mg/ 
mlCD7>t:->U>€:^trLB^WhiC^#37X:-«fe« 

HV*T:/9X5 KDNAfciMU *«JE»iSl#W£fT'3 
Z-L\Z£K) aWi:t"?>IhoIU >*-^p0C119 EcoRIffifi 
HlfA^n/h^^a KDNA£SJRIfc#Lfc. 
tO 0 6 1] £AT^E^J€:t>o4aS(0^U^^W^ 



&@iSDNA'&^ (Applied Biosystems*h ^x;i/38 
OB) SrfflViT'&^Lfc. Zftt>&*mZ0 pmol g«c 

[50mM Tris -HCl(pH7.6), lOmM MgCla , 5mM^^ 40 
7.V< h-;K 0.2mM ATP R^6mttOT4 *»J^^U 

tf (Sffisa) ] 25m i *T37 < cmras 

U^*l/*?H«*tr*«*fi"ff (If- 100m 1 ) 100 

x:<d*®\z 5 »ra»Sbrc^aT»»b7^-u >^ 

SrfToit. ^n«I 600^fi(DT4 DNAU#-if 

ifitt) $in^i6 , CT-%«jat, 



tO 0 6 2] ±^0)XhoIU>*-^AU^^^-^ 
H 1 m g [lOOaM Tris • HC1 (pH7. 5), 10a 
M MgCla , lOOmM NaCU 10^(4(0 BamHI 

>tt) ^<km2mtfcoxhoi (^fiiga) ] 20mi +^37 
*^*^x^y-;w«:RiCcfcDDNA$iEiiRL)t. c<o 

D N A t JbSBO 4 OO* U rf^ ^ W H oa^lc £ D 
#^nfcH*®DNA7^^>h«^J^SjS [66mM 
Tris-HCI(pH7.5 ) * 6.6mM MgCli , lOmMv^XK 
h-Jk O.lmM ATP *5<ki; 300^{tOT4 DNAU#- 

•t? (ssstt) ] 30m i *Tirc-ift«iaLfc. ~<d® 

#;^>£AffilC«WgM6&U 5OMg/ml07>bT-> 
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V >&$tSLB7U—h±\Z£ZZTC-fa&&L1z. 
D N A ti>«£E?MWr *fr SZUZZVBfi £ 

X^yTs^ Kfcfc^KfcftttfcattLfc. CCD??* 
Si F£ pUC119Sig££tttt£. 

[0 0 6 3] ±f2<D^)(ITf^KLfcy^X^ H PUC119S 
ig DNA£7;i/*U^Si*TlSSLfc. ilCDDN A 2/zg 
SrSi* [lOnM Tris-HCl (pH8.0h lOOmM NaCK 7n*I MgCl 

2 , sm&ostui (r:y#>s*— >tt) fei:rxiom&o 

Hind III (SffiiStt) ] +T37t4»|BllMfc« 0.8%7 
^D-^y;i/m§t*»I^Ht> »3.2kb OfiSODNA 

T#6>ftfcphPDINaeEiJ*<01.7kb DNA #rfr«50ng£:pUCl 
19 SigS*<B3.2kb DNA ifffr&50ng£Sffiii*t?-f Y- 
5/3 hAffi30Ml B&6m1 *T16 < C30#fi8£JS 

ft, 10 Ml *«V»T**3/9Attfc*D*M*HB101 
n>t!x>h^;V <$«ittfc> *»)NEifcU 50m 1 / 

U- h £37'C-ftllMrr* E£K«fc!)fte>nfc:3 nx- 

BR8U «H»*tW^fc»*rftfT52:ifcJ:0, t h 
MS7;K/^ >o^vynEJ0T«»c t h P D I 
tftttbfcflto (S62H) «ft*:/?X5KMHRlJW» 
Lfco C©^9X5H*pliPDILylt*#H*:. 

SIPDI ftWSTJVa-Jl'xfc HdY^ — if I fife^ 

±DthPDI5W^9X5Hft«»L&. TJWtMJft 
■ifcK£DML&±e phPDILyl DNA 7 u\ 

[lOOmM Tris - HC1 (pH8.0) . lOOmM NaCK 7mM MgCW 
*5«fctf40¥ft<D EcoRI Giytf>5>— 24±) ] 100m 1 
*T37*C 2 RIIDffiftft^ W07i;-V>DD*^ 

8ft) *ftiX.ftttU jS*»«ft*H*l5liRbfc. CO 

fcl/10*© 3 MlMW-'h U (pH5. 3) *5 it* 2. 5£<D 

x*/-*ftin*ft£U -40 < C2^ra»gL^ 8 
tct o ft &nfcttJ8£70%x* /-;vTtt#ft«ffi«;« 

L50m1 £>Klenowii£rft (Kilo-Sequence ^Deletion K 
it, £fi&&) fc»*U 41£ti:OKlenow fragment ft 
ftft (SSfttt) *tt«7TM5#n^<&tt*EfcfcJ; 
DEcoRI ffl»rW»0¥ftfl:Sffofc. CtiDftttC-stvc 

tz*m fcl/10*C!> 3 MS h U * A (pH5. 3 ) fejctf 

2.5$<ox^y-;P2:JnA®'&u -4oicmraftHb 

KEE&ftU 50m 1 OKlenow|g«SS (Kilo-Sequence ffl 
Deletion Kit.£«£*t) fcfttfU 4*&<Z> Klenow f 
ragment (SSfttt) «n*.37Ta5»IBEJ6*tt* H fc 
K±9 EcoRI«)»r»»<0¥»flSftfrt>fc. EOfcftlC:? 



IMW6--3 8 7.7 l 
ViT2isi07xy-;V/^nn2^;i/AiSiasff^:v^ # 

6>nfc*S^l/10^(D3MSK^hU^A (pH5.3 ) *5 

±tf 2.5§ox^/-;^ijn^.ii^u -4ormra» 
gbfc. s^ic<tD^^n^a:R&70Xx^y-;vTffi 

»ft«EE?£»U Jgft[10mM Tris • HC1 (pHS.Oh 60mM 

NaCK 7mM MgCl* &&mQ&&<Dtem(-y 

ft) ] 40m 1 \Z®&L3rC3V%mK&2K1t. #6tlfc 

dnas»£ o.8^7^n-xY;vma*i&^nt> » 

1.8kb <DDNAtf>t£^X/^^-T#lR-»SiL 
fc. 7;V*US®^TSSKbft:pIDB-ADH-ESA-A 
M#H¥2-117384^&?§) DNA5m1 [10aM Tris 

HCl(pH8.0), lOOmM NaCK 7mM MgCh &&Xf2A&&<DIh 
ol (SSiStt) ] 100m 1 *T37t: 29$mm{£&* 7x 

;-^/^DD*j^ft|ij§ 2tufT^^nfc*Blc. 

l/10g<Z>3M»S^HJ^A(pH5.3) *3<fctf 2.5&0X 

*y-;i/£ira*Jg^u -40X: 2^ra»sftS^cJ:D 

it*tLTDNA Htf>DNA iXM&7Q%X>& J 

-;^«c#ft«EftJSU, 50m 1 OKlenowS«}fl[ (Kilo 
-Sequence Deletion Kit. SffiiStt) IcSHBU 4*fi 
<D Klenow fragment (£Si64fc) «iffl^37 < C45»MR>S 
$1i:^Ct{C<fcOXhoI^WSP»cO¥»fl:^ffo^. HO 

^\ %$ntz*m\zi/imvmmmi-hvoj* (ph 

5.3) *5<fctf 2.5$OX^y-J^SDAS^-U ~40t: 
l^Mftftft, S^JCi:OttiS8i:UTDNA^®iRUfcc 

#e»nfcDNA ^7ox x^y-;i/Tffi^ft«jE«:fiib, s 

m [IObH Tris -HCl(pH8.0), 60mM NaCl,7mM MgCli * 
cfcmomffiCOBamHI (X-/3p>^->1±) ] 40m 1 
L, 37 < C75»ffl«fi:L&, COSiSJClOMl O 211 Tris 
• HC1 (pH8. 0), 110m 1 <D«B*£ it^ imffiO^cHS 
C75 »a*7MU7*X7r?-* (^iBjg*t) ^JP 
^LS-&b, 60r l^WJDfiT*CilCJ;r)B*«»r»<Z) 
5' K>J>ftfcE«:*ffofc. #6n^S»JCl/10«O 
3M»»^hU^A(pH5.3) 2.5«0[)X^/->IP* 

LTDNA ^0iRt«jgE«;»ft2OMl OTElCfig»L 0.8% 

73tfD-xY;wea*»{w*^t&. #j8kb <odna 

£nfcphPDILylfc*CD1.8kb DNA »rM-»50iig^J:t;pIDB 
-ADH-HSA-A**O8kbDNA»f)t*550iig^SffiigttDNA K 
Y-i l/*>*y HA«30m1 , B«6m1 iS^U 16 
2.5^raSlS$-&WNA ^Ste^-frfeo #SnfcDNA 
SmOMl SrfflV^T^^^^Affifc^D^HSCeOOflcS: 
^KK^U 50m1 /Ml07>bTi/y>^mByi/ 
-^^^#3710^-*^^^:. #e>n^nax-icp 
ViT7;^yS§SftiC<fcD^X$ HDNA ffl 

Hnyt- Kl yn^-^-T«tcy-^-EJ«3aES 

PDI £®BUfc:/5XS K£«ftf 

b^co CO<i:5icLT«^L^PDI »^7X5H^PA 
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(11) 

19 

[0 0 6 5] fchPDI %,mn8Lm®?>bn-)v 
^7X$H^TOfB^fitfc. 7;V*Ug«8rC 
PIS b fcp J DB-ADH-HSA-A DNA 5tf 1 [lOnM Tris- 

HCl.lOOmM NaCl, 7mM MgCW , 241£(i<&Xhol (£«ji 
4D ^it/29mffiO> BamHI (n^3p>v->tt) ] 100 

l*ffi£ 2[§JfT^1§ 6nfc*»fcl/10«©3llBK^ h U £ 
A(pH5.3) &&Zf 2.5^©X^y-^Srln^ig'&t> - 
40 , C2^Ffl8?fim^i>lw<tODNA &ttJ8fcl,TiaiKU 
fc e ClODNA £70*X*/-;VTifcim ttEEttftU 
50 1 <£>Klenowf|flir?8 (Kilo-Sequence Deletion Kit, 
3tf£&tt) IC**U 4^firco Klenow fragment (£« 
jgtt) ftJD*.T37t:45»IBE«a**J:ifc±0XhoI* 
J:tXBamHI «JBf«»©¥»ft*fxofc. uOMI:^^ 

*HtCl/10S(D3MftK^hU^A(pH 5.3)*j;tf 2.5S 
©xjry-^*»iL»^U, -4<rci 
£0«:iB£l>TDNA MBlft. Z.tlZfc&&8km0u 

8kb CODNA mftZifvWZy-TZMWlstt. nttliZ 
DNA (Sfr»50ng**JSJfittIWA 7<1?-isa>*y b<0 
AmOtil . BJK6/tl h&GL. lefc-HftRjSStt, 

aaaieicj;Da*tflsu«:. c<&dna }g$tiojii 
x±mm ioi«tn>if5 L >h-fe^ (Sjgjgtfc) s*;^ 

ft&LB:/!'— hfc**37t:— nsnfcna 

[0 0 6 6] fchPDI cp^miri:^%3S 
±fB0#JET«£Lfct:HPDI RS^XS HpAHbPDIL 

tffofc. 

[0 0 6 7] YPD/U-h (2XA^h^7h>\ 1%-f 

-xhx*xh?*K 2*7 k 1.5x00 

±"CS«Lfc»§AH22*0#3DX-^ 5ml0YPDJg 

2x^H^» tc»au30TC24^rafia**bfc e c 

0>t9S«*£ 0.9ml^45mlCDYPDlS%»I»ai/30 , CTS 
BttftU ODeoo (SflD 0.5\ZML1ttZ.ZH 

£ 3ml CD 0.2MLiSCNiC&SU -^O^^CD lalfta^fc 
*»ltlBtbT«#SSflJlb&. £<&B*M;:46aI 050 
% PEG#4000, lOpl OLiSCN **lTr^*U»»ST 
WSbfcpAHhPDILyl DNA»«10m1(DNA27jx1 #) £iD 

AK^y^-f >^»c*DiB6U 30T:T-ifti&@Lfc. 



»BB¥6-3 8 7 7 1 

tLTE«u&. comftziooui ommfc-cBn 

U SD Ken) 7U-b [SD(~Leu)igtffi (0.67X/1* h 
nhny>^-x, 2X:/F*«f, 20mg/l 07t-X 

=F-X H^rtxx 30njg/l (D^nvX H^fVD 
^fvX B'JvX 50mg/l ©7x^77-X 100n 
g /I 07XA9*>K, 150mg /l 

OAiJX 200mg/l <D7sV*->*D&Zf 375mg/l O 
■fcU> (R±©75y«a*l*WaO ) Scktf 1.556 

«5Q ±fc$£, 3o , CT££Lfco mm 5HBic#&n 

'ftMCi»t 5ml<DSD (-Leu) ttjfe£flML3(rc 2 B 
nm«lll/^. £®«M«H* lOOjil £ 5ml<0YPD 

»*KiML3ot:24iwm«Lfc. #&nfcJ8*«t 
i.5BiftaitiMifc}Wt±* 5oom! tiasu -nir 
^£<ax* y -;v***E'&»ak*fc 1 &spa#ntL£. 

M»tLTHJRL«BOe»Lfc. #6>nfci£«£10ul 
<7)SDS-PAffiffi^>y;i/g«fS (125oM Tris-HCl (pH6.8) 
♦ 4XSDS ; 20Xy>J-bU>» 10%/3-^^yhX^ 

5»W^»^SDS-PAG ^V- MO/20 (S£-fls¥!g 
A) lCT«^*»^fT^fc. COy^SJfcft* (0.1596 
^V-WJU7>h^K 10%»Sfe<fc^O%^^ 

;V£LT±fapAH *tt«SAttT±5fiOpABhPDILylfc'3' 

(#^fi94.000) % Ol/MH7)V^^> (67,000) , ^ 
#T*^5> (43.000) > *-#- 7 ^7>kH7-t! 

(30,000) > *IhU^W >kW- (20.000) ^ 
±«a-9?h7;l'^^> (14,000) 5&fflVifc (S3 
0) • 5mUKl55K ©JWfcfeJUHfZlfciW 

[0 0 6 8] pAHhPDlLyl^«J#-r^>»«AH22«c(0*3 
nx-*80mlOSD (-Leu) SJICttlU 30*C 2BfflS 
gi&Slbfc. ffSnfclWPWKSSOilftMlOYPD • 
U>K*« (YPD6», 6g/l CDNai HPO< i5 
£tf3g/l OKHi PO^, pH 7.0) IC^SL/> 30t:2 

[00 69] 

5 U #7 - 5 U 9 (#*»«I30. 00 

0) ftfflt), 4(M&SI6 : £fTofe(100inI) ft, TSK-gel Phe 
nyl-5PWtt*tt*9Afc«tO, tbPDUiglLfc. 
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21 

#*tt#5Ate0.85M&£, 0.05% NaNs £<&tfl0mM* 
£8-10mM KCl|gW*pH 8.0T¥ffifl;L*:fc<Z)fr6, 1 

i*, mw^n^t hPD iosDsm^aa^-r, 

K<fcoTfc hPD I !4K«»-OjaE»lC*-C»»S*U 
do, PD I»tt«r«»UT^SC:t^^^fc^o 

[0070] pd i&&<pm& 

P D I t£&<DMfete* Stu • $&l • ??&fl;Kck*;fr8rc 
fPSUfcX^^^^VHU^^V'T— tfA(RNase A) 

X*V7— ^AC!)S««OgSll *OS3&ffittO[Ej& 

f. 

[0 0 7 1] X^^>^HRNase A ®MH : 120mgcDR 
Nase A &M*fT 0.15MS>^*X W 
;i/**O3BlO0.UlhUX*K8«RpBB.6 KiS#Lfc 

SO.oinhci T^te£*fc*:77xy£XG-25;fr7A 
(15mm <f>x 38cm) T&7C$l£l$SLfco £©K»tote2f 

X£iD;LpH£9.0 S-S16£<D£*KJS*I* 
Bf, 4W14Btmfct>1£1±. JIC3ii»£-80 , CT«?? 

[0 0 7 2] PDI»tt©iffl^:S*B««:JfiUfe55mM 
U>HMK (pH 7.5) 20ml K, 10 m 1 *>1M5^*XI/ 
-f h-^fcftlAfct>0*ll»U CO**** 610m 1 £ 
*D. 20m 1 CD»*tt»t*^55mMU>KS»*(pH 

7.5) 420m i tzm*.3ttW6&*iutrz. ::nic±e 

X^7>^HRNase JS*50m1 £iD;L30 , C, 15#¥£ 
J&Sitr*. CCT, 1. 945ml ©KabfcSOnMHJXtt 
5mM JgflSV^^A, 25nlHI[fl:* U ^A**tr« 
«*pH7.5 IC, 50m1 ©^-XhRNAgffi (lOmMMJ 
X£Kg«*pH7. 5/lmM EDTA, 280nm(DKftg80tCfcS £ 

picisiiBu^t)©) * i cufmmtnrizMJL* 

tfi$&R&4&C\ZftZ£5\Z*m{tt<1kZ. Z<D£Z26 
Onm T<OK3tfl[^«fl:UftViCtS:«KUTfe<. v^ 1 
t7K H-;Wa3lUfcX^7>^H RNase Ajg**> 
6 5 Ml Cft**^©********^ 0.2 

#ftlC2#IW260niii -e©«#S£iWS, PD I gfttt26 
Onm TO»HWba«^a»S*»6n*. 
[0 0 7 3] b hPD I HpAHhPDILyllrck 
SggHj S2 3»CTB»Ea 
t hPD 1*8^5X5 FpAHhPDILyl£fflV>T, flTF© 
^m\Zft^HSA£M&nH I S2 3«c [#K¥2-57 



(12) «rBB¥6-3 8 7 7 1 

22 

885 *>*IW«»»11351 *t (FERM P-113 

8) 3 £^g*te»Lfc. 
[0074] YPD^lz-h (2X/t?bhiJ^h> 1 
lX/I^M-XhX^Xh^i'K 2X:/K'>«33<fc 
±t«SbfcHS A553EB*#H I S 2 3 

«cO*-3Dn-S:5nil<DYPDl&ffi (2X/t^hhU 

/hX l*^-XhX*Xh^h*3<J:tf2X:/Ftf 

«) ic&au 3 ot:T2 4^^s*tfc, co« 

g*lml£5 0mlCOYPDS^<rffia^3 0tn?SSJg 

"«u odooo ess) ^ o.5es^ufctc5Tm 

4 6m1 ©5 OX#UX^V>i^U3-;W#4000, 1 0 
Ml OL i SCNfeAtfT^AUiSaS; [Birnboin, E. 

C. & Doly, J. (1979) Nucleic AcidsRes . J_ t 151 
3.]TlMIUfcfc: hPD ISS^XS KpAHhPDILyl DN 
AS*10m1 (DNA#|2 0Mg*» fciOfctMyx 
>f ^IC^Dg'&U 3 0t:T-l!*#@Lfc:« CtllCl 
ml<&aa*£!ra*®»»* S^«JCd;0®{*&ttJ8i: 
LTBiRLfco £OB#&10 0m1 <B«8*T«» 
20 U SD (-Hi s, -Leu) JU-b [SD (-H 

is, -Leu) JSJft (0.67XA^ hXhny>^— 
X, 2X?]t9tt % 2 0mg/l 07r-X HCr?*' 

3 0mg/i (d^d->x P^7n-f v>, NU?>. 5 

0mg/l 07x-^77-X 10 0mg/l 07X^7 

f^y;v^>K, 15 omg/i o/iu>, 2 0 

Omg/l Ohl^xVfccfctf 3 7 5mg/l <D-feU> (« 
±OT^yK«»^«^«c^ttSI) ) 43*tf 1.5X* 
3*3 ±JC^^3 0t:T*3ILfco iS*50BT^-h 

[0 0 7 5] #6n^J^Seft# (pAHhPDILyl/HIS23) 
Jct?v*T«To^)etr<J;D PD I (D&mzm^ft. za> 
[Szi>hD*-;^tttLT, pAHhPDILyl^6PDIcDNA SB 
»&^fc3>hD-;^7X5 Hp AH^fflV^T#6 
n^^Sejftfr(pAH/HIS23)SrfilTffifflLfe, ^U-h 
±<E>:3nx-£5ml(DSD (-H is, -Leu) 
ICS8L3 0 , CT2BKS®S*L^ COM*«*l 
0 0 Ml &5mlOYPD«f%lC»aft3 0 4 C2 4&SfE|g 
SiSSIL, S6nfcS«* l.SBl*JSib»IBK:*»*o 
40 ±a|5 0 0m1 ftSttb, 

*»«t> 6 0«S»»tt*tt« t LTBV USA 

0m1 OSDS-PAGEffl-9->y;i/«fff* [62.5myT 
ris-HCl(pH6.8), 296SDS, , 596/3-^;i/*yhX 

%ifvtv>] \zmmi>* 5^s»8sds-pag 
h 4 / 2 o -loio as— fb#|giS,$fea:^ato T 
m^8cifr£fTofc. *»«(oy;v**ft* (o.is^^t 
U7>h>ow-, io%»s^«fct;4o%pc^ 
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(13) &&W6-3 8 7 7 1 

23 24 

J-M (1 0%m&S$£Zf4 0%* 1 £fcpAHhPDILyl/HIS23 tfcTf^t;<1.50mg/l (DHS 

2J-)\) lC«L*»*©»«»tWI(l*W*ftLfc. d AfctfifcbTfcrK BOTI S2 3 «c(C*5tt* t h P D 

<dr, #^gg«p£bT7*x:7*U7-ifb wh^s i<D^s»c^t)> HSA<a#»ste¥ire#S6 o%cd 

94,000$OVb>ck* CS/jfcWTJl'T/S* (67,000) , * iijD&^U^o 

#7JV:/5> (43,000) , tiS-vzyy^v-M [0 0 7 8] 

(30,000) , *ShU^»-f>tbf^- (20,000) * [369K&&£] t hJh«y*^3 >7 Wn 

•fctf hT)V7$> (14,000) ftJBUfc (SS6 EW*3- HT^DNAtt h^n^-f >2^XJV7-f H 

B) . toll*. pAHhPDILyllCcfcoT^M^aLfcffS -f 7* 9— tfafiTt*6ft*«MC*ft«^* £i 

H I S 2 3#T, $H^S»55, 000*01/ b><0PD I Oft khPDI 0*a*K&0^aft«IftT»Sfcb 

^»dtttai$n^o jo fcto-pa*. ctiiCcko, zo^mt. s-sjg<&<& 

[0076] bSPDioHs Aaa»gK<t T »»*^«©a6-ciS*«a^*3S^s±>iaeHa>s 

v>r, ii kpd i (dhs A»a»*fcjw*»*taT s:t««T#*. *fc*^iWfca*«nfc5RS« 

[0 0 7 7] 3>hD— HpAHiitfth ^£te<D*Tffl#U ^^H©5«t*«*1i:* 21 £fc«fc 
PD I M^7X5 HpABhPDILyl*n*nfc±oT»K D« *©#«#U^^l«a)fi*lBiaiCJ:*a*a*ft 
6&bfc##HI S2 3ft, BT&PAH/HIS2 3* ±#£i*r* EL t^PltBtftofc. *<Dffi, WSSfflttlgt 
*5<};tfpAHhPDILyl/HIS23 tt0»4l/Jt3DZ- 5 bTfcffifflT#*o 

5 ml CDS D (-H i -Leu) JgJfelCftS [0 0 7 9] 

b 3 0 «CT 2 4 »nBftl**ftfTofc. ZlCDliuJg£»t 1 0 20 ISMm 

omi £*n-en 5 BioYPD«ftC8ii 3 orr 2 e#i#^:i 

4«fffflSa**^frftV^ «i*«**6tt«T«^fc* E^OS$:2454 
fcfc<fc DSDS - P AGE#(&ti»£§HKbS D S -P EM<03! : «K 
AGEfcfrfcofc (»7B» . ft&nfcWWI^T. ®<0ft:-*ffl 
^HSA*»I§f>->h^-"^- (IMAGE ANALYS h#ny- : 

IS SYSTEM > f73^MS) TSMfcU PDIO E#l<D8gi : cDNA to nRNA 

*«SlC±6HSA©«a»»*©«b*K'<& (JB8 fiS: tMHIXBttSAgt 11 cDRA5-f^U- (CI 
H) . ^Ote*, p AH/H I S 2 3*T¥JS0.93ng/ ontecttfc) 
E£l 

GAATTCCGGG GGCGACGAGA GAAGCGCCCC GCCTGATCCG TGTCCGAC ATG CTG CGC 57 

Met Leu Arg 
-15 

CGC GCT CTG CTG TGC CTG GCC GTG GCC GCC CTG GTG CGC GCC GAC GCC 105 
Arg Ala Leu Leu Cys Leu Ala Yal Ala Ala Leu Val Arg Ala Asp Ala 

-10 -5 1 

CCC GAG GAG GAG GAC CAC GTC CTG GTG CTG CGG AAA AGC AAC TTC GCG 153 
Pro Glu Glu Glu Asp His Yal Leu Val Leu Arg Lys Ser Asn Phe Ala 

5 10 15 

GAG GCG CTG GCG GCC CAC AAG TAC CTG CTG GTG GAG TTC TAT GCC CCT 201 
Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr Ala Pro 

20 25 30 

TGG TGT GGC CAC TGC AAG GCT CTG GCC CCT GAG TAT GCC AAA GCC GCT 249 
Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys Ala Ala 
35 40 45 50 

GGG AAG CTG AAG GCA GAA GGT TCC GAG ATC AGG TTG GCC AAG GTG GAC 297 
Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys Val Asp 

55 60 65 

GCC ACG GAG GAG TCT GAC CTG GCC CAG CAG TAC GGC GTG CGC GGC TAT 345 
Ala Thr Glu Glu Ser Asp Leu Ala Gin Gin Tyr Gly Val Arg Gly Tyr 
70 75 80 
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(14) 4$0B¥6-387 7 1 

25 26 
CCC ACC ATC AAG TTC TTC AGG AAT GGA GAC ACG GCT TCC CCC AAG GAA 393 
Pro Thr lie Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro Lys Glu 

85 90 95 

TAT ACA GCT GGC AGA GAG GCT GAT GAC ATC GTG AAC TGG CTG AAG AAG 441 
Tyr Thr Ala Gly Arg Gin Ala Asp Asp He Val Aso Trp Lea Lys Lys 

100 105 110 

CGC ACG GGC CCG GCT GCC ACC ACC CTG CCT GAC GGC GCA GCT GCA GAG 489 
Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala Ala Glu 
115 120 125 130 

TCC TTG GTG GAG TCC AGC GAG GTG GCT GTC ATC GGC TTC TTC AAG GAC 537 
Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe Lys Asp 

135 140 145 

GTG GAG TCG GAC TCT GCC AAG CAG TTT TTG CAG GCA GCA GAG GCC ATC 585 
Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu Ala He 

150 155 160 

GAT GAC ATA CCA TTT GGG ATC ACT TCC AAC AGT GAC GTG TTC TCC AAA 633 
Asp Asp lie Pro Phe Gly lie Thr Ser Asn Ser Asp Val Phe Ser Lys 

165 170 175 

TAC CAG CTC GAC AAA GAT GGG GTT GTC CTC TTT AAG AAG TTT GAT GAA 681 
Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe Asp Glu 

180 185 190 

GGC CGG AAC AAC TTT GAA GGG GAG GTC ACC AAG GAG AAC CTG CTG GAC 729 
Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu Leu Asp 
195 200 205 210 

TTT ATC AAA CAC AAC CAG CTG CCC CTT GTC ATC GAG TTC ACC GAG CAG 777 
Pbe lie Lys Els Asn Gin Leu Pro Leu Val lie Glu Phe Thr Glu Gin 

215 220 225 

ACA GCC CCG AAG ATT TTT GGA GGT GAA ATC AAG ACT CAC ATC CTG CTG 825 
Thr Ala Pro Lys He Phe Gly Gly Glu He Lys Thr His He Leu Leu 

230 235 240 

TTC TTG CCC AAG AGT GTG TCT GAC TAT GAC GGC AAA CTG AGC AAC TTC 873 
Phe Leu Pro Lys Ser Val Ser Asp Tyr Asp Gly Lys Leu Ser Asn Phe 

245 250 255 

AAA ACA GCA GCC GAG AGC TTC AAG GGC AAG ATC CTG TTC ATC TTC ATC 921 
Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys lie Leu Phe He Phe He 

260 265 270 

GAC AGC GAC CAC ACC GAC AAC CAG CGC ATC CTC GAG TTC TTT GGC CTG 969 
Asp Ser Asp Eis Thr Asp Asn Gin Arg He Leu Glu Pbe Phe Gly Leu 
275 280 285 290 

AAG AAG GAA GAG TGC CCG GCC GTG CGC CTC ATC ACC CTG GAG GAG GAG 1017 
Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu Glu Glu 

295 300 305 

ATG ACC AAG TAC AAG CCC GAA TCG GAG GAG CTG ACG GCA GAG AGG ATC 1065 
Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu Arg lie 

310 315 320 

ACA GAG TTC TGC CAC CGC TTC CTG GAG GGC AAA ATC AAG CCC CAC CTG 1113 
Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys He Lys Pro His Leu 

325 330 335 

ATG AGC CAG GAG CTG CCG GAG GAC TGG GAC AAG CAG CCT GTC AAG GTG 1161 
Met Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val Lys Val 
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27 28 
340 345 350 

CTT GTT GGG AAG AAC TTT GAA GAC GTG GCT TTT GAT GAG AAA AAA AAC 1209 
Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu Lys Lys Asn 
355 360 365 370 

gtc rrr gtg gag ttc tat gcc cca tgg tgt ggt cac tgc aaa cag ttg 1257 

Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Gin Leu 

375 380 385 

GCT CCC ATT TGG GAT AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 1305 
Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His Glu Asn 

390 395 400 

ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 1353 
lie Val He Ala Lys Met Asp Ser Thr Ala Asn Glu Val Glu Ala Val 

405 410 415 

AAA GTG CAC AGC TTC CCC ACA CTC AAG TTC TTT CCT GCC AGT GCC GAC 1401 
Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser Ala Asp 

420 425 430 

AGG ACG GTC ATT GAT TAC AAC GGG GAA CGC ACG CTG GAT GCT TTT AAG 1449 
Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly Phe Lys 
435 440 445 450 

AAA TTC CTG GAG AGC GGT GGC CAG GAT GGG GCA GGG GAT GAT GAC GAT 1497 
Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp Asp Asp 

455 460 465 

CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 1545 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu Asp Asp 

470 475 480 

GAT CAG AAA GCT GTG AAA GAT GAA CTG TAA TACGCAAAGC CAGACCCGGG 1595 
Asp Gin Lys Ala Val Lys Asp Glu Leu * 

485 490 
CGCTGCCGAG ACCCCTCGGG GGCTGCACAC CCAGCAGCAG CGCACGCCTC CGAAGCCTGC 1655 
GGCCTCGCTT GAAGGAGGGC GTCGCCGGAA ACCCAGGGAA CCTCTCTGAA GTGACACCTC 1715 
ACCCCTACAC ACCGTCCGTT CACCCCCGTC TCTTCCTTCT GCTTTTCGGT TTTTGGAAAG 1775 
GGATCCATCT CCAGGCAGCC CACCCTGGTG GGGCTTGTTT CCTGAAACCA TGATGTACTT 1835 
TTTCATACAT GAGTCTGTCC AGAGTGCTTG CTACCGTGTT CGGAGTCTCG CTGCCTCCCT 1895 
CCCGCGGGAG GTTTCTCCTC TTTTTGAAAA TTCCGTCTGT GGGATTTTTA GACATTTTTC 1955 
GACATCAGGG TATTTGTTCC ACCTTGGCCA GGCCTCCTCG GAGAAGCTTG TCCCCCCTGT 2015 
GGGAGGGACG GAGCCGGACT GGACATGGTC ACTCAGTACC GCCTGCAGTG TCGCCATGAC 2075 
TGATCATGGC TCTTGCATTT TTGGGTAAAT GGAGACTTCC GGATCCTGTC AGGGTGTCCC 2135 
CCATGCCTGG AAGAGGAGCT GGTGGCTGCC AGCCCTGGGG CCCGGCACAG GCCTGGGCCT 2195 
TCCCCTTCCC TCAAGCCAGG GCTCCTCCTC CTGTCGTGGG CTCATTGTGA CCACTGGCCT 2255 
CTCTACAGCA CGGCCTCTGG CCTCTTCAAG GCAGAACCAC GACCCTTGAC TCCCGGGTGG 2315 
GGAGGTGGCC AAGGATGCTG GAGCTGAATC AGACGCTGAC AGTTCTTCAG GCATTTCTAT 2375 
TTCACAATCG AATTGAACAC ATTGGCCAAA TAAAGTTGAA ATTTTACCCA CCCAAAAAAA 2435 
AAAAAAAAAA CCCGAATTC 2454 

BH^JS^ : 2 m<D& : -*« 

K*ajtf>g£ : 1545 h#u : m&K 

&m<Dwm:fo<Dtm (¥&sdna) 

Km 

ATG AAG TGG GTT ACC TTC ATC TCT TTG TTG 30 
Met Lys Trp Val Thr Phe He Ser Leu Leu 

-20 -15 
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29 30 
TTC TTG HC TCT TCT GCT TAC TCT AGA GGT GTT TTC AGA AGG GGC GCC 
Phe Leu Phe Ser Ser Ala Tyr Ser Arg Gly Val Phe Arg Arg Gly Ala 

-10 -5 1 

CCC GAG GAG GAG GAC CAC GTC CTG GTG CTG CGG AAA AGC AAC TTC GCG 
Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asn Phe Ala 

5 10 15 

GAG GCG CTG GCG GCC CAC AAG TAC CTG CTG GTG GAG TTC TAT GCC CCT 
Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr Ala Pro 

20 25 30 

TGG TGT GGC CAC TGC AAG GCT CTG GCC CCT GAG TAT GCC AAA GCC GCT 
Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glo Tyr Ala Lys Ala Ala 
35 40 45 50 

GGG AAG CTG AAG GCA GAA GGT TCC GAG ATC AGG TTG GCC AAG GTG GAC 
Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys Val Asp 

55 60 65 

GCC ACG GAG GAG TCT GAC CTG GCC CAG CAG TAC GGC GTG CGC GGC TAT 
Ala Thr Glu Glu Ser Asp Leu Ala Gin Gin Tyr Gly Val Arg Gly Tyr 

70 75 80 

CCC ACC ATC AAG TTC TTC AGG AAT GGA GAC ACG GCT TCC CCC AAG GAA 
Pro Thr He Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro Lys Glu 

85 90 95 

TAT ACA GCT GGC AGA GAG GCT GAT GAC ATC GTG AAC TGG CTG AAG AAG 
Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asd Trp Leu Lys Lys 

100 105 110 

CGC ACG GGC CCG GCT GCC ACC ACC CTG CCT GAC GGC GCA GCT GCA GAG 
Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala Ala Glu 
115 120 125 130 

TCC TTG GTG GAG TCC AGC GAG GTG GCT GTC ATC GGC TTC TTC AAG GAC 
Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe Lys Asp 

135 140 145 

GTG GAG TCG GAC TCT GCC AAG CAG TTT TTG CAG GCA GCA GAG GCC ATC 
Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu Ala He 

150 155 160 

GAT GAC ATA CCA TTT GGG ATC ACT TCC AAC AGT GAC GTG TTC TCC AAA 
Asp Asp He Pro Phe Gly He Thr Ser Asn Ser Asp Val Phe Ser Lys 

165 170 175 

TAC CAG CTC GAC AAA GAT GGG GTT GTC CTC TTT AAG AAG TTT GAT GAA 
Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe Asp Glu 

180 185 190 

GGC CGG AAC AAC TTT GAA GGG GAG GTC ACC AAG GAG AAC CTG CTG GAC 
Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu Leu Asp 
195 200 205 210 

TTT ATC AAA CAC AAC CAG CTG CCC CTT GTC ATC GAG TTC ACC GAG CAG 
Phe He Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr Glu Gin 

215 220 225 

ACA GCC CCG AAG ATT TTT GGA GGT GAA ATC AAG ACT CAC ATC CTG CTG 
Thr Ala Pro Lys lie Phe Gly Gly Glu He Lys Thr His He Leu Leu 

230 235 240 

TTC TTG CCC AAG AGT GTG TCT GAC TAT GAC GGC AAA CTG AGC AAC TTC 
Phe Leu Pro Lys Ser Val Ser Asp Try Asp Gly Lys Leu Ser Asn Phe 
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31 32 
245 250 255 

AAA ACA GCA GCC GAG AGC TTC AAG GGC AAG ATC CTG TTC ATC TTC ATC 
Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Leo Phe lie Phe He 

260 265 270 

GAC AGC GAC CAC ACC GAC AAC CAG CGC ATC CTC GAG TTC TTT GGC CTG 
Asp Ser Asp His Thr Asp Asn Gin Arg He Leo Glu Phe Phe Gly Leu 
275 280 285 290 

AAG AAG GAA GAG TGC CCG GCC GTG CGC CTC ATC ACC CTG GAG GAG GAG 
Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu Gin Gin 

295 300 305 

ATG ACC AAG TAC AAG CCC GAA TCG GAG GAG CTG ACG GCA GAG AGG ATC 
Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu Arg lie 

310 315 320 

ACA GAG TTC TGC CAC CGC TTC CTG GAG GGC AAA ATC AAG CCC CAC CTG 
Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys He Lys Pro His Leu 

325 330 335 

ATG AGC CAG GAG CTG CCG GAG GAC TGG GAC AAG CAG CCT GTC AAG GTG 
Met Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val Lys Val 

340 345 350 

CTT GTT GGG AAG AAC TTT GAA GAC GTG GCT TTT GAT GAG AAA AAA AAC 
Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu Lys Lys Asn 
355 360 365 370 

GTC TTT GTG GAG TTC TAT GCC CCA TGG TGT GGT CAC TGC AAA CAG TTG 
Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Gin Leu 

375 380 385 

GCT CCC ATT TGG GAT AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 
Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His Glu Asn 

390 395 400 

ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 
He Val lie Ala Lys Met Asp Ser Thr Ala Asn Glu Val Glu Ala Val 

405 410 415 

AAA GTG CAC AGC TTC CCC ACA CTC AAG TTC TTT CCT GCC AGT GCC GAC 
Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser Ala Asp 

420 425 430 

AGG ACG GTC ATT GAT TAC AAC GGG GAA CGC ACG CTG GAT GGT TTT AAG 
Arg Thr Val lie Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly Phe Lys 
435 440 445 450 

AAA TTC CTG GAG AGC GGT GGC CAG GAT GGG GCA GGG GAT GAT GAC GAT 
Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp Asp Asp 

455 460 465 

CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu Asp Asp 
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470 475 
GAT CAG AAA GCT GTG AAA GAT GAA CTG 
Asp Gin Lys Ala Val Lys Asp Glu Leu 
485 490 
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33 34 
Gly Ala Pro Glu Glu Glu Asp His Val Leu Val Leo Arg Lys Ser Asn 

1 5 10 15 

Phe Ala Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr 

20 25 30 

Ala Pro Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys 

35 40 45 

Ala Ala Gly Lys Leu Lys Ala Glu Gly Ser Giu He Arg Leu Ala Lys 

50 55 60 

Val Asp Ala Thr Glu Glu Ser Asp Leu Ala Gin Gin Tyr Gly Val Arg 
65 70 75 80 

Gly Tyr Pro Thr lie Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro 

85 90 95 

Lys Glu Tyr Thr Ala Gly Arg Glu Ala Asp Asp lie Val Asn Trp Leu 

100 105 110 

Lys Lys Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala 

115 120 125 

Ala Glu Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe 

130 135 140 

Lys Asp Val Glu Ser Asp Ser Ala Lys Glu Phe Leu Gin Ala Ala Glu 
145 150 155 160 

Ala He Asp Asp He Pro Phe Gly lie Thr Ser Asn Ser Asp Val Phe 

165 170 175 

Ser Lys Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe 

180 185 190 

Asp Glu Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu 

195 200 205 

Leu Asp Phe He Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr 

210 215 220 

Glu Gin Thr Ala Pro Lys He Phe Gly Gly Glu He Lys Thr His He 
225 230 235 240 

Leu Leu Phe Leu Pro Lys Ser Val Ser Asp Tyr Asp Gly Lys Leu Ser 

245 250 255 

Asn Phe Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Leu Phe He 

260 265 270 

Phe He Asp Ser Asp His Thr Asp Asn Gin Arg He Leu Glu Phe Phe 

275 280 285 

Gly Leu Lys Lys Glu Giu Cys Pro Ala Val Arg Leu lie Thr Leu Glu 

290 295 300 

Glu Glu Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu 
305 310 315 320 

Arg He Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys lie Lys Pro 

325 330 335 

His Leu Met Ser Gin Giu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val 

340 345 350 

Lys Val Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu Lys 

355 360 365 

Lys Asn Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys 

370 375 380 

Gin Leu Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His 
385 390 395 400 
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35 36 
Glu Asd He Val He Ala Lys Net Asp Ser Thr Ala Asd Glo Val Glu 

405 410 415 

Ala Val Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser 

420 425 430 

Ala Asp Arg Thr Val He Asp Tyr Asn Gly Glo Arg Thr Leu Asp Gly 

435 440 445 

Phe Lys Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp 

450 455 460 

Asp Asp Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu 
465 470 475 480 

Asp Asp Asp Gin Lys Ala Val Lys Asp Glu Leu 
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